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Abstract  
Taken polycyclic aromatic hydrocarbons (PAHs) in a relocated coke and chemical plant in Beijing for example, the 
procedures of contaminated site health risk assessment adopted in China were introduced, and potential risk control 
and mitigation alternatives were proposed. The hazard indentification results revealed that the surface soil was 
heavily polluted by fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene, 
benzo[b,k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene, and benzo[g,h,i]perylene 
throughout the site, and their maximum concentrations were all beyond the corresponding screening levels. But based 
on the exact exposure characteristics of the receptors in each sub-area, the risk assessment results indicated that only 
the cancer risk from benz[a]anthracene, benzo[b,k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene and 
dibenz[a,h]anthracene were unacceptable, among which the cancer risk from benzo[a]pyrene was the highest, up to 
4.4×10-5 in zone A, 2.0×10-4 in zone B and 4.0×10-4 in zone C, which were proposed to be redeveloped as 
commercial zone, industrial site park, and comprehensive development zone, respectively. In addition, for all 
contaminants in the three sub-areas, oral ingestion and dermal contact were the two most important exposure 
pathways. According to the results, an active remediation alternative aiming at decontaminating the polluted soil, a 
soft strategy aiming at cutting off the exposure pathways and a strategy aiming at changing the exposure 
characteristic of the receptors through land function change were proposed as the management strategy for the site to 
mitigate and control the health risk. 
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1. Introduction 
Since the reform and opening-up in 1978, China has been going through a rapid urbanization progress 
[1]. According to a prediction, the urbanization rate of China will be 0.8%-2.0% in the coming 20 years, 
which means the functions of 90-200 km2 land will be changed to meet the land requirements throughout 
the progress[2]. Take Beijing, Shanghai, Chongqing and Dalian for examples, lots of large-scale 
industrial enterprises have been relocated to sub-urban areas or the neighboring cities, and the land will be 
re-developed as commercial or residential areas[3]. But, because many of these enterprises were built in 
the initial stage of new China and also lack of environmental protection awareness, serious contamination 
may have been caused to the local surface water, air, soil and groundwater environment during the 
production, and contaminated sites were left when the production activities were terminated and the 
plants were relocated. To ensure the health of the future land-users, investigating the actual contamination 
clearly and evaluating the potential adverse health effect objectively are very important before the 
redevelopment of these lands, which is the most important part in the management strategy for 
contaminated sites or brown-fields in developed countries[4-7] and is also accepted widely by the 
environmental officials in China[8,9]. In the present paper, an assessment and management case of a 
relocated coke and chemical plant in Beijing was introduced to discuss how the procedures of health risk 
assessment were implemented in China and how to make management strategy based on the health risk 
assessment results.   
2. Methods 
2.1 Site description and soil sampling 
The Coke and Chemical plant, built in 1959 and relocated to Tangshan in 2006, is located near the 
Fifth Ring Road, the East of Beijing and covers an area of 136 hectare. The main production activities 
that the plant engaged in were coke and manufactured gas production, as well as by-products recovery 
(mainly benzene, tar, asphalt, et al.). The prevailing wind and groundwater directions are from northwest 
to southeast with the groundwater table being about 14-15m below the ground surface. The stratum 
configuration above the confined aquifer throughout the site consists of backfill soil, clay silt, clay, fine 
and media sand successively with the thickness being 1.5m, 5.0m, 3.0m, 8.5m, respectively. 
According to the latest development proposal issued by the local authority, the site will be redeveloped 
to three different functional areas. As contoured in Fig.1, zone A is intended to be redeveloped as a 
commercial area, zone B is to be an industrial site park while zone C is intended to be a comprehensive 
area consisted of commercial and residential area. 
From 2007 to 2010, a tiered approach had been applied to investigate the contamination of the site, and 
a total of 789 discrete soil samples, as well as 53 groundwater samples, were collected based on the 
locations of the facilities that might emit contaminants (such as coke oven, waste water treatment plant, 
storage area for chemical products, et al.) and the stratum configuration of the site. Since polycyclic 
aromatic hydrocarbons (PAHs) are the typical contaminants in coke plant[10-12] and their key exposure 
pathways are incidental oral ingestion, dermal contact and inhalation of particulates containing 
PAHs[13,14], which only happens to the surface soil. The results of 256 PAHs samples (as located in 
Fig.1) from the surface soil (from ground surface to the depth of 1.5 m below) were analyzed and used for 
risk assessment in the paper. The analysis method is EPA8270D[15] with the detection limit of 
0.01mg/kg. 
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Fig.1. Locations of sampling points. 
2.2. Health risk assessment 
The procedures developed by USEPA for contaminated site health risk assessment were applied in the 
paper, which mainly included the following four key processes[16]: 
x Hazard indentification 
The main task in hazard indentification is indentifying the chemicals, as well as their concentrations, 
that will do harm to the health of future users on site. According to literature review, PAHs are one kind 
of the potential chemicals of concern (COCs) on such site. Firstly, the maximum, minimum, and average 
concentrations of surface soil samples from each sub-area were summarized and compared with the 
general screening levels for the corresponding land-use scenario[17]. If there were contaminants in 
samples that exceeded the corresponding screening levels, then it would be determined as the final COCs 
that further risk assessments should be carried out. Given the uneven spatial distributions of contaminants, 
usually the 95% upper confidence limit (UCL) concentrations were chosen as the representative exposure 
concentrations in risk calculations[18], and one-half of method detection limit was used in UCL 
calculations for samples below detection limit[19]. The software package Pro-UCL 4.0 issued by USEPA 
was used to calculate the UCL of each potential COC.   
x Exposure assessment 
The predominant tasks in this process include indentifying the integrated exposure pathways from 
contaminated source to the final risk receptors, the corresponding sensitive receptors in each zone, the 
exposure parameters for the receptors and calculating exposure dose[20]. The conceptual site model of 
key integrated exposure pathways were illustrated in Fig 2. 
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Fig. 2. Conceptual model of integrated exposure pathways. 
According to the proposed land redevelopment plan, the exposure receptors in zone A and B would be 
working staff, and only adults were identified as the sensitive receptors in these two areas for 
carcinogenic and non-carcinogenic risk calculation. In zone C, given the existence of residential area, age 
adjustment factor was incorporated in hazard quotient calculation[21,22]. 
Eq. (1)-(3) below were used to calculate the exposure dose for the identified exposure pathways 
[16,23].  
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EDIingestion, EDIdermal and EDIinhaltion are the average contaminant intake rates during the exposure 
duration through oral ingestion, dermal contact and particle inhalation, respectively, mg/(kg·d); SA is the 
dermal area of exposure receptor that can get contact with soil, m2/d; AF is adsorption factor of soil to 
dermal, mg/m2; ABS is adsorption rate of dermal, unitless; IR2 is inhalation rate, m3/d; TSP is the 
concentration of total suspended particle in the air, mg/m3; CS is contaminant concentration in soil sample, 
mg/kg; IR1 is soil ingestion rate, mg/d; EF is the exposure frequency, d/y; ED is exposure duration, y; 
BW is body weight, kg; AT is average time, d.
  In Table 1, the values assigned to the parameters used for exposure dose calculation in equations above 
were summarized[21]. 
x Toxicity assessment 
The main task in this procedure is to determine the toxicity parameters (such as the reference dose for 
non-carcinogenic contaminant, slop factor for carcinogenic contaminant, et al.) for each of the potential 
COCs. Up to now, the prevailing practice in china is resorting to the latest quantitative toxicity data 
published by USEPA. Toxicity values of the potential COCs identified at the site were summarized in 
Table 2[19]. 
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Table 1. Exposure parameters . 
Parameter Unit 
Residential Commercial 
Child Adult Adult 
IR1 mg/d 200 100 100 
IR2 m3/d 7.5 15 15 
EF d/y 365 365 250 
ED y 6 24 25 
BW kg 14.4 53.1 53.1 
AT1) d 26280 26280 26280 
AT2) d 2190 / 9125 
SA m2 2291 4860 2734 
AF unitless 0.2 0.07 0.2 
ABS unitless Chemical dependent 
TSP mg/m3 0.3 0.3 0.3 
Notes: 1) for carcinogenic effect; 2) for non-carcinogenic effect. 
Table 2. Toxicity data. 
Number Contaminant 
Reference dose (RfD) 
mg/(kg·day) 
Slop factor (SF) 
1/(mg/(kg·day)) 
Unit risk factor (URF) 
1/(μg·m3) 
TO TD TO TD IH 
1 FLU3 3.0h10-2 3.0h10-2 / / / 
2 PHE3 3.0h10-1 3.0h10-1 / / / 
3 FLU4 3.0h10-2 3.0h10-2 / / / 
4 PYR4 / / 7.3h10-1 7.3h10-1 8.8h10-5 
5 BAA4 / / 7.3h10-3 7.3h10-3 8.8h10-7 
6 B(b,k)F5 / / 7.3h10-2 7.3h10-2 8.8h10-6 
7 BAP5 / / 7.3 7.3 8.8h10-4 
8 ICP5 / / 7.3h10-1 7.3h10-1 8.8h10-5 
9 DBA5 / / 1.2 1.2 1.1h10-4 
10 BGP6 0.03 0.03 / / / 
Notes: 1) fluorene=FLU3, phenanthrene=PHE3, anthracene=ANT3, fluoranthene=FLU4, pyrene=PYR4, benz[a]anthracene=BAA4, 
chrysene=CHR4, benzo[b,k]fluoranthene=B(b,k)F5, benzo[a]pyrene=BAP5, indeno[1,2,3-cd]pyrene=ICP5, dibenz[ah]anthracene= 
DBA5, benzo[g,h,i]perylene=BGP6; 
2) B(b,k)F5 is a combination of two structural isomer, named as benzo[b]fluoranthene and benzo[k]fluoranthene; 
3) TO=through oral ingestion; TD=through dermal contact; IH=through inhalation. 
x Risk characterization 
Based on the exposure dose and the corresponding toxicity parameter for each identified COC, the 
adverse health effect can be quantified through pertinent dose-response model in this procedure[16, 24]. 
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Firstly, the cancer risk and hazard quotient for each COC should be quantified under the individual 
exposure pathway. Secondly, the total cancer risk and hazard quotient for each COC from different 
exposure pathways should be summarized. At the end, the cumulative cancer risk and hazard quotient 
from all COCs through all exposure pathways should also be summarized.  
Additionally, given the migration of suspended particles containing COCs, the adverse health effect 
from neighboring sub-areas were taken into account when the cumulative cancer risk, as well as hazard 
quotient, were calculated for receptors in each individual area, and the 3-D Gaussian dispersion model 
was applied to predict the concentration of suspended particle immigrated from neighboring areas[25]. 
Eq. (4)-(9) were the quantitative dose-response models used to calculate the cancer risk and hazard 
quotient for the individual COC from different exposure pathways [16,21,23,24]. 
 
6
ooingestioningestion 10
1 uuu
uuu u SF
ATBW
EDEFIRCSSFEDICR                                           (4) 
610dddermaldermal
uuu
uuuuu u SF
ATBW
EDEFABSAFSACSSFEDICR                       (5)
 
6
iiinhalationinhalation 10
2 uuu
uuuu u SF
ATBW
EDEFIRTSPCSSFEDICR                           (6)
 
6
oo
ingestion
ingestion 10
1 uuu
uuu  
RfDATBW
EDEFIRCS
RfD
EDI
HQ                                                              (7)
 
6
dd
dermal
dermal 10
uuu
uuuuu  
RfDATBW
EDEFABSAFSACS
RfD
EDIHQ                                          (8)
 
6
ii
inhalation
inhalation 10
2 uuu
uuuu  
RfDATBW
EDEFIRTSPCS
RfD
EDICR
                                              (9)
 
CRingestion, CRdermal and CRinhalation are the carcinogenic risks from each exposure pathway, unitless; 
HQingestion, HQdermal and HQinhalation are the hazard quotients from each exposure pathway, unitless; SFo, 
SFd, SFi, RfDo, RfDd and RfDi are the corresponding cancer slope and reference dose, respectively.  
For each COC, the total carcinogenic risk and hazard quotient from different exposure pathways were 
calculated with Eq. (10) and (11), respectively. 
inhalationdermaloralit CRCRCRCR                                                                     (10) 
inhalationdermaloralit HQHQHQHQ                                                                   (11) 
where CRit is the cancer risk of contaminant i from all exposure pathways, unitless; HQit is the 
corresponding hazard quotient of contaminant i, unitless. 
For the calculation of the cumulative adverse health effect that the receptor would suffer from all the 
COCs through different exposure pathways at the site, Eq.(12) and (13) have been applied. 
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itt CRCR ¦                                                                   (12) 
itt HQHQ ¦                                                                  (13) 
where CRt is the cumulative cancer risk from all COCs through all pathways, unitless, while HQt is the 
corresponding cumulative hazard quotient, unitless. 
2.3. Acceptable assessment endpoints 
Currently, the acceptable total cancer risk and hazard quotient of the individual COC is 1.0×10-6 and 1, 
respectively. And the acceptable cumulative cancer risk from all COCs at the site where there are several 
contaminants is 1.0×10-4 [19,21]. The above endpoints were also applied in the risk assessment process in 
the paper to verify whether the polluted soil should be remediated. 
3. Result and discussion 
3.1. Hazard indentification results 
According to the hazard indentification principle discussed in 2.2, the pertinent statistic variables of 
the analysis results of soil samples in each sub-area were calculated and summarized in Table 3. 
From table 3, the following conclusions could be made. In area A, only the maximum concentrations 
and UCLs of BAA4, B(b,k)F5, BAP5, ICP5 and DBA5 exceeded the screening levels for commercial 
scenario. In area B, although the maximum concentrations of PHE3, FLU4, PYR4, BAA4, B(b,k)F5, 
BAP5, ICP5, DBA5 and BGP6 exceeded the screening levels for commercial scenario, only the UCLs of  
PHE3, BAA4, B(b,k)F5, BAP5, ICP5 and DBA5 were higher than the corresponding screening levels. In 
area C, the maximum concentrations of the 12 contaminants all exceeded the corresponding screening 
levels for residential scenario by some degree, but only the UCLs of FLU3, PHE3, FLU4, PYR4, BAA4, 
B(b,k)F5, BAP5, ICP5, DBA5 and BGP6 exceeded the corresponding screening levels. Then, in the 
following paragraphs, only the contaminants whose UCLs were beyond the corresponding screening 
levels in each sub-area were calculated for the risks. 
Furthermore, the analysis results of contaminants in the individual area in Table 3 also indicated that 
the contamination status in zone A was not so serious as those in zone B and C. The reason was that 
during the production period, zone A was designed as coal storage area which located at the upwind of 
the coke oven, meaning that the contamination in this area was resulted mainly from PAHs leaching from 
coal piles while PAHs precipitation from the production activity was negligible. On the contrary, 
according to field investigation results, the main production facilities (such as coke oven, coal tar recycle 
facilities, tar storage tanks, manufactured gas purification and refinery facilities, et al.) were all located in 
zone B and C, which were the primary PAHs emission sources in coke plant sites and the surface soil 
around these facilities would be contaminated by PAHs (such as through wet precipitation, tank or pipe 
leakage, et al.) [26-30] . 
3.2. Risk results 
The cancer risks and hazard quotients from all integrated exposure pathways for each COC within the 
three sub-regions were calculated with the equations discussed in 2.2 and the results were summarized in 
Table 4. 
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Table 3. Statistic variants of the analytical results. 
Number Contaminant Min(mg/kg) Max(mg/kg) Ave(mg/kg) UCL(mg/kg) SL(mg/kg) QE QS 
Area A 
1 FLU3 <0.01 1.76 0.13 1.01 400 0 
20 
2 PHE3 <0.01 9.82 0.98 6.71 40 0 
3 ANT3 <0.01 1.27 0.15 0.86 400 0 
4 FLU4 <0.01 19.28 1.2 10.77 400 0 
5 PYR4 <0.01 18.53 1.07 10.25 400 0 
6 BAA4 <0.01 8.23 0.5 4.58 4 1 
7 CHR4 <0.01 11.13 0.66 6.16 400 0 
8 B(b,k)F5 <0.01 19.07 1.17 10.59 4 1 
9 BAP5 <0.01 13.26 0.77 7.36 0.4 3 
10 ICP5 <0.01 10.77 0.62 5.97 4 1 
11 DBA5 <0.01 2.04 0.12 1.13 0.4 1 
12 BGP6 <0.01 10.96 0.64 6.09 40 0 
Area B 
1 FLU3 <0.01 366 8.57 51.65 400 0 
114 
2 PHE3 <0.01 550 12.14 78.95 40 5 
3 ANT3 <0.01 178 3.66 23.44 400 0 
4 FLU4 <0.01 570.45 9.21 66.16 400 1 
5 PYR4 <0.01 450 6.79 50.44 400 1 
6 BAA4 <0.01 233.52 3.43 25.73 4 5 
7 CHR4 <0.01 285.8 3.96 30.85 400 0 
8 B(b,k)F5 <0.01 452.27 6.27 48.56 4 6 
9 BAP5 <0.01 321.59 4.02 33.52 0.4 29 
10 ICP5 <0.01 230.68 2.9 24.02 4 3 
11 DBA5 <0.01 59.49 0.83 4.31 0.4 8 
12 BGP6 <0.01 223.86 2.98 23.74 40 2 
Area C 
1 FLU3 <0.01 1970 33.95 235.4 50 9 
122 
2 PHE3 <0.01 1190 29.8 163 50 12 
3 ANT3 <0.01 222 8.9 43.55 50 5 
4 FLU4 <0.01 470 18.28 80.73 50 13 
5 PYR4 <0.01 297 13.46 57.53 50 12 
6 BAA4 <0.01 138 6.45 27.85 0.5 34 
7 CHR4 <0.01 175 7.03 31.81 50 4 
8 B(b,k)F5 <0.01 393 13.33 59.95 0.5 45 
9 BAP5 <0.01 172 7.57 32.23 0.2 54 
10 ICP5 <0.01 144 5.1 22.28 0.2 49 
11 DBA5 <0.01 45.7 1.61 7.201 0.2 31 
12 BGP6 <0.01 160 5.19 23.65 5 14 
Notes: 
1) Min=Minimum concentration, Max=Maximum concentration, Ave=Average concentration, SL=Screening Level, QE=Quantity 
of samples exceed the screening levels, QS=Quantity of soil samples; 
2) Because of the lack of screening levels for acenaphthylene and acenaphthene, these two contaminants were not assessed. Also, 
given the volatility of naphthalene, the assessment of risk from it was not analyzed in the paper, but in practical work, it had been 
done; 
3) B(b,k)F5 is a combination of two structural isomer, named as benzo[b]fluoranthene and benzo[k]fluoranthene, and for the 
conservativeness, the screening level of benzo[b]fluoranthene was used as the standard of comparison and its toxic parameters was 
used in risk assessment. 
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Table 4. The risk results of the COCs at the site. 
Contaminant Hazard quotient1) Contaminant Cancer risk 
FLU3 area A area B area C BAA4 area A area B area C 
area A / / / area A 3)2.7×10-6 4)4.9×10-10 6.9×10-10 
area B / / / area B 2.8×10-9 1.5×10-5 3.3×10-9 
area C / /2) 1.1×10-1 area C 3.0×10-9 2.6×10-9 3.4×10-5 
Total HQ   1.1×10-1 Total risk 2.7×10-6 1.5×10-5 3.4×10-5 
PHE3 area A area B area C B(b,k)F5 area A area B area C 
area A / / / area A 6.3×10-6 9.1×10-10 1.3×10-9 
area B / 6×10-3 / area B 4.2×10-9 2.9×10-5 5.0×10-9 
area C / / 1×10-2 area C 5.2×10-9 4.4×10-9 7.4×10-5 
Total HQ / 6×10-3 1×10-2 Total risk 6.3×10-6 2.9×10-5 7.4×10-5 
FLU4 area A area B area C BAP5 area A area B area C 
area A / / / area A 4.4×10-5 7.9×10-9 1.1×10-8 
area B / / / area B 3.6×10-8 2.0×10-4 4.4×10-8 
area C / / 3.7×10-2 area C 3.5×10-8 3.0×10-8 4.0×10-4 
Total HQ / / 3.7×10-2 Total risk 4.4×10-5 2.0×10-4 4.0×10-4 
PYR4 area A area B area C ICP5 area A area B area C 
area A / / / area A 3.6×10-6 6.4×10-10 9.0×10-10 
area B / / / area B 2.6×10-9 1.4×10-5 3.1×10-9 
area C / / 3.6×10-2 area C 2.4×10-9 2.1×10-9 2.7×10-5 
Total HQ / / 3.6×10-2 Total risk 3.6×10-6 1.4×10-5 2.7×10-5 
BGP6 area A area B area C DBA5 area A area B area C 
area A / / / area A 6.7×10-6 1.3×10-9 1.9×10-9 
area B / / / area B 5.1×10-9 2.6×10-5 6.1×10-9 
area C / / 1.5×10-2 area C 8.5×10-9 7.3×10-9 8.9×10-5 
Total HQ / / 1.5×10-2 Total risk 6.8×10-6 2.6×10-5 8.9×10-5 
Cumulative HQ / 6×10-3 2.1×10-1 Cumulative risk 6.3×10-5 2.8×10-4 6.2×10-4 
Notes: 1) For the lack of toxicity parameters, the hazard quotients were only calculated for FLU3, PHE3, FLU4, PYR4 and BGP6, 
while the cancer risks were only calculated for BAA4, B(b,k)F5, BAP5, ICP5 and DBA5; 
2) Also for the lack of the RfD through inhalation, the adverse effect from the neighboring sub-areas couldn’t be calculated; 
3) Value means the risk from on-site exposure; 
4) Value means the risk from inhalation of particles containing PAHs immigrated  from the neighboring sub-areas (off-site effect). 
 
From Table 4, the following conclusions could be made. Firstly, although the UCL of PHE3 in Zone B 
and the UCLs of FLU3, PHE3, FLU4, PYR4 and BGP6 in zone C exceeded the corresponding screening 
levels, the total hazard quotients from all exposure pathways for each contaminant and the cumulative 
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hazard quotients from all the contaminants based on the actual exposure scenario on site were much lower 
than the acceptable levels, indicating the adverse effects from these contaminants on site were negligible. 
Secondly, the carcinogenic risks from BAA4, B(b,k)F5, BAP5, ICP5 and DBA5 all exceeded 1.0×10-6, 
among which the risk from BAP5 was the highest, followed by DBA5, B(b,k)F5, BAA4 and ICP5, 
successively.  
Additionally, although the suspended particles containing contaminants from the neighboring sub-
areas would do harm to the receptors, the adverse effect was negligible compared with that from on-site. 
As to the cumulative carcinogenic risks from all the five carcinogenic contaminants, only the risks in zone 
B and C were beyond 1.0×10-4, which was mainly contributed by BAP5. 
Furthermore, risk from the individual exposure pathway was summarized to determine the key 
exposure pathway for each contaminant in the sub-area and the results were shown in Fig. 3.  
 
 
Note: OI=oral ingestion; DC=dermal contact; PI=particle inhalation 
Fig. 3 Risk contribution from different pathways 
From Fig. 3, an important conclusion could be made was that in all sub-areas, the key exposure 
pathway was oral ingestion, which was more obvious under residential scenario (zone C), followed by 
dermal contact. And the risk from on-site particle inhalation was negligible, which was similar to result 
revealed in the literature [31]. 
3.2 Management strategy 
Based on the risk assessment results, BAA4, B(b,k)F5, BAP5, ICP5 and DBA5 in surface soil were 
likely to result in unacceptable cancer risks for long-term users. Therefore, effective mitigation strategies 
for these five contaminants were necessary. 
As described in the exposure assessment, the prerequisite for a contaminant that could do harm to the 
ultimate receptors was that the contaminant source, integrated exposure pathway and receptor should 
exist simultaneously. Therefore, the following three alternatives could be applied to mitigate the risk. 
x  Mitigating the source 
For the investigated site, soil contaminated by BAA4, B(b,k)F5, BAP5, ICP5 and DBA5 was the 
source that could do harm to the future users’ health. Then the preferred strategy was to decontaminate 
the soil to the degree that the risk from it could be accepted. According to the guidelines issued by the 
Chinese government, the acceptable cancer risk from individual contaminant is 1.0×10-6[21]. Taken it as 
zone A zone B zone C 
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the assessment endpoint, the remediation targets of the five contaminants could be calculated for each 
sub-area, and the results were listed in Table 5. 
Table 5. Remediation targets for the five contaminants in each area (mg/kg). 
Contaminant area A area B area C 
BAA4 1.67 1.68 0.81 
B(b,k)F5 1.68 1.68 0.81 
BAP5 0.17 0.17 0.08 
ICP5 1.68 1.68 0.81 
DBA5 0.17 0.17 0.08 
 
From the results in the above table, it could be seen that the remediation targets of the five 
contaminants were very low, especially for BAP5 in zone C. If this strategy was chosen, the detailed 
treatability study of the proposed remediation technology should be carried out and its treatment cost, as 
well as the secondary environmental impacts (such as its carbon footprint, hazardous waste emitted, et al.), 
should be evaluated carefully. 
x Cutting off the exposure pathways 
Compared with the radical strategy proposed above, a soft alternative that just cutting off the exposure 
pathway through which the contaminants would reach the ultimate receptors could also be applied at the 
site to mitigate the risk. Based on the result of key exposure pathway analysis in the previous paragraph, 
oral ingestion and dermal contact were identified as the two most important pathways for all the three 
sub-areas, meaning some engineering control measures (such as paving the ground with concrete, or 
laying some clean soil above the polluted soil to some thickness, et al.) could be resorted to cut off the 
pathway and then the risk could be mitigated. 
x  Change land functions 
Except for source mitigation and pathway abscission, the risk could also be mitigated by changing the 
exposure characteristics of the receptors through land function change. For example, one option was to 
chang the site to a public green space with some safety measures, which could prevent the groundwater 
from being contaminated by contaminants leaching from polluted soil in vadose zone. Some institutional 
control measures could also be applied to prevent people from stagnating at the site for a long time.  
Further, according to the contamination status and the land requirement of the local authority, a 
combination of the strategies described above could be applied to such a large-scale site to save the risk 
mitigation cost.   
4. Conclusions 
(1) The surface soil in the three sub-areas within the investigated site was contaminated heavily by 
FLU3, PHE3, ANT3, FLU4, PYR4, BAA4, CHR4, B(b,k)F5, BAP5, ICP5, DBA5 and BGP6, whose 
maximum concentration were all beyond the corresponding screening levels. And the pollution of BAP5 
was the most serious. Compared with zone A being in the upwind of coke ovens, the contamination 
statuses in zone B and C, where the coke ovens and other production facilities were located in, were more 
serious meaning the precipitation of PAHs was the predominant contamination pathway in such site.   
      (2) Only the adverse health effects of BAA4, B(b,k)F5, BAP5, ICP5 and DBA5 were unacceptable 
according to the site-specific exposure characteristics, among which the risk from BAP5 was the highest, 
up to 4.4×10-5, 2.0×10-4 and 4.0×10-4in zone A, B and C. In addition, for all the contaminants in the three 
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zones, oral ingestion and dermal contact were the two most important exposure pathways contributing to 
the cancer risk. 
(3) Based on the risk and key exposure pathway assessment, three optional strategies were proposed 
to mitigate the risk at the site, including an active alternative aiming at decontaminate the polluted soil to 
the degree that the risk originated from it was acceptable, a soft strategy aiming at cutting off the 
exposure pathway, as well as a strategy aiming at changing the exposure characteristic of the receptors 
through land function change. 
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